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[57] ' ABSTRACT

In the manufacture of a vertical structure junction type
field effect transistor, the formation of a gate region is
followed by an oxidation treatment of the upper surface
of the gate region and then by the growth of a semicon-
ductor layer consisting of a monocrystalline region on
the channel portion and a polycrystalline region on the
oxide film formed on the gate region. The existence of
the oxide film on the gate region prevents the out-diffu-
sion of the impurity doped in the gate region, prevent-
ing the lowering of the breakdown voltage, and en-
abling a short channel length and small series resistance
of the channel.

3 Claims, 11 Drawing Figures
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1 2
DESCRIPTION OF THE PREFERRED
OD OF MAKING A JUNCTION TYP D
m:m D OF EM Jm;ls Tgn E FIEL EMBODIMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a junction-type field effect
transistor and more particularly to a method of manu-
facturing a junction type field effect transistor having

vertical structure.

2. Description of the Prior Art

Vertical structure junction type field effect transistors
(referred to as VSIFET hercinbelow) are suited for the
purpose of obtaining a large drain current, i.e. for high
output power use, compared to the lateral structure
FET’s. This is because the gate region in a VSJFET can
be formed in geometrically divided multiple regions
which enables a large current flow in total. Such a
VSJFET is, for example, shown in Japanese Pat. Publi-

cation No. 41478/1972. FIGS. 1A to 1E show the con- 20

On a p+ -type silicon substrate 1, a p-type silicon
layer 2 is grown by the epitaxial growth method (F1G.
1A). An n-type impurity is selectively diffused into the
p-type silicon layer 2 to form a multiplicity of n-type
gate regions 3 leaving the p-type channel regions (FIG.
1B). Then, a p-type silicon layer 4 is epitaxially grown
on the p-type silicon layer 2 including the n-type gate
regions 3 (FIG. 1C). An n-type impurity is doped into
desired portions of the p-type layer 4 to form gate ex-
tension regions S registered with desired portions of the
gate regions 3 for fcrming a gate electrode (FIG. 1D).
A p-type impurity is diffused in a desired portion of the
p-type silicon layer 4 to form a p + -type source region
6 (F1G. 1E).

According to the above process, however, in the step
of FIG. 1C the n-type impurity doped preliminarily in
the n-type region 3 causes out-diffusion into the p-type
layer 4 and forms an extended layer 2A, resulting in
reduction of the breakdown voltage between the gate
region and the source region. Further, due to this out-
diffusion phenomenon, the gate length G, of the JFET

increases (FIG. 10) resulting in mcrease of the series
resistance R of the channel region and hence increase

of power loss

SUMMARY OF THE INVENTION

The present invention aims to solve the above prob-
lem. An object of this invention is to provide a method
of manufacturing a junction type field effect transistor
which prevents the lowering of the breakdown voltage
between the gate region and the source region.

Another object of this invention is to provide a
method of manufacturing a junction type field effect
transistor which enables a small series resistance of the
channel region.

The above and other objects, features and advantages
of this invention will become apparent from the detailed

description of the embodiment of this invention when 60

taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1E are cross-sectional diagrams showing
the conventional steps of manufacturing a JFET.

FIGS. 2A to 2F are cross-sectional diagrams showing
the respective steps of an embodiment of the method of
manufacturing a JFET according to this invention.

3

An embodiment of this invention will be described
hereinbelow referring to FIGS. 2A to 2F.

A substrate comprises a p *-type silicon substrate 1
having an impurity concentration of about 101° to 1020
atoms/cm3 and a p-type silicon layer 2 having a thick-
ness of 10 to 15 microns and an impurity concentration

10 of 2to 5 X 10“atoms /cm3 and epitaxially deposited on
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the p+-type silicon substrate 1. Such a substrate is sub-
jected to a heat treatment in an atmosphere containing
phosphorus to form an n-type gate region 3 having a
depth of about 4 to § microns and a surface impurity
concentration of about 1017to 10! atoms/cm3. This gate
region 3 is seen to be divided into multiple regions in the
cross-section but is electrically connected. The gate
region 3 is designed to have a width of 10 to 12 microns
and a separation L between adjacent regions L of 310 §
microns (FIG. 2A).

The substrate 1 is treated in an atmosphere containing
oxygen at 1100° C for 30 minutes to form an oxide layer
7 of a thickness of about 0.2 to 0.3 micron (FIG. 2B).

The oxide film 7 is subjected to a selective photoetch-
ing treatment to leave only the portions on the gate
region 3. Here, hydrofluoric acid is used as the etchant
and the assembly is immersed in the hydrofluoric acid
for 2 to 3 minutes (FIG. 20).

The substrate is subjected to a streaming atmosphere
if silicon tetrachloride SiCl ,, hydrogen chloride HCl
and hydrogen H; about 1150° C for 60 minutes to epitax-
ially deposit a p-type silicon layer 8 of a thickness of
about 4 to 5 microns having an impurity concentration
of about 5 X 1015 atoms/cm3. Here, the portion of the
layer 9 deposited on the oxide film 7 inevitable becomes
polycrystalline (FIG. 2D).

The substrate is treated in an atmosphere containing
phosphorus at about 1050° C for about 10 hours to
selectively form an extension region § of the gate region
3 having an impurity concentration of about 1019 to 102
atoms/cm3. This region 8 is formed for enhancing the
electric connection between the gate region 3 and a gate

electrode. Here, the substrate surface not requiring this
treatment is masked by an oxide film not shown (FIG.

2E).

A p-type impurity is diffused into a desired portion of
the surface of the silicon layer 8 and 9 to form a p+ -
type source region 6. This diffusion may be done by
treating the substrate in an atmosphere containing
boron at 950° C for 30 minutes, which produces ap+-
type region 6 of a depth of about 0.5 micron having a
surface impurity concentration of about 10! to 10%
atoms/cm?®. Here, boron impurity doped in the poly-
crystal]me region 9 penetrates much faster than that in
the regmn 8 and form a p*+-type region of a depth of
about 1 micron, resulting in a step-like source region 6.

Then, electrode material such as aluminium 1s depos-
ited on the regions 5 and 6 for form a gate and a source
electrode (not shown). On the other hand, Au-51 eutec-
tic alloy or solder is deposited to the other surface of the
substrate to form a drain electrode (FIG. 2F).

As is described hereinabove, according to this inven-
tion an epitaxial growth for formmg a source region 18
carried out after an insulating film is formed selectively
on the gate regmn Thercfore, out-diffusion of the impu-
rity doped in the gate region into the epitaxial layer can
be prevented. As a result, the lowering of the break-
down voltage between the source and the gate is pre-
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vented. Further, since there occurs no increase in the - -

gate length, the increase in the series resistance of the
channel region is also prevented.

In an example, the breakdown voltage which had
been 60 to 70 volts was improved to 90 to 100 volts.
Further, the series resistance which had been 4 to 6
ohms reduced to 2 to 3 ohms.

The insulating film for masking the gate region is not
Imited to silicon oxide and other materials such as
SizN,, Al,05, P,05 can be used. It should be noted that
the insulating film may be a film which exhibits the
property of preventing the migration of ions of impurity
of the gate region. In the above embodiment, the silicon

10

4

selectively forming, in a semiconductor substrate of a
first mnductmty type serving as a drain region, a
gate region of a second conductivity type except
the portion which serves as a channel region;

masking the surface of said gate region with an insu-
lating film;

depositing a semiconductor layer of said first conduc-
tivity type on the surfaces of said insulating film and
said semiconductor substrate; and

forming a source region of said first conductivity type
in a predetermined portion of said semiconductor
layer.

2. A method of manufacturing a vertical structure

junction type field effect transistor comprising the steps

layer deposited on the insulating layer becomes poly- 15 of:

crystalline, but no harmful effect is found in operation if
a source region is formed in this polycrystalline region.

The above embodiment used a p-type substrate as the
starting material, but an n-type substrate can be equally
used apparently. When an n-type substrate is used, the 20
conductivity type of the gate and the source regions
should naturally be altered to the opposite type, i.e.,

p-type and n-type respectively.

The selective formation of a gate and a source remon 25

is not limited to the diffusion method, but the ion im-
plantation method or the combination of the two may

be adopted.
What is claimed is:

forming, in a semiconductor substrate of a first con-
ductivity type forming a drain region, a gate region
of a second conductivity type except the portion
forming a channel portion;

forming a film masking the upper surface of said gate
region, said film exhibiting the property of prevent-
ing the migration of impurity ions of the second
conductivity type;

epitaxially growing a channel region of the first con-
ductivity type on the upper side of said channel
portion and simultaneously a polycrystalline silicon
layer on said film; and

forming a source region in at least said epitaxial layer.

3. A method according to claim 2, in which said film

1. A method of mmufactunng a junction type field 30 is an oxide film.

effect transistor comprising the steps of:
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